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Abstract 
The goals of this project were to simplify the process of assessing urban tree health and 
the process of planting a tree in an urban environment.  I developed a manual for each goal.  
Each manual was created using information and knowledge from both articles and experts on 
each topic.  Organizations will be able to use the manuals to educate volunteers to properly 
assess a tree’s health and plant a tree. 
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Introduction 
The Asian Longhorned Beetle (ALB) is a wood boring beetle that was discovered in New 
York City in 1996 and is believed to have arrived from China in wooden shipping pallets.  
Subsequent infestations have occurred in Chicago, New Jersey, and Worcester.  These 
infestations have resulted in the removal of thousands of urban trees, especially maple, horse-
chestnut, elm, willow, birch, poplar, and ash trees.  Volunteers play a vital role in assessing the 
health of urban trees, recognizing the early signs of infestations, and then replanting once the 
affected trees have been removed.  In Worcester, these volunteer initiatives have been led and 
coordinated through the Worcester Tree Initiative.  Unfortunately, many volunteers have little 
experience in assessing tree health or proper planting methods.  The goal of this project was to 
develop two easy-to-use manuals for volunteers to use in assessing tree health and in planting 
replacement trees.  Each manual was based on information gleaned from the technical 
literature and supplemented by additional information from interviews with experts in the 
field.  Each manual was tested with a group of volunteers and revised to better meet their 
needs. 
 
.
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Literature Review  
The Asian Longhorned Beetle (ALB) is a wood boring beetle that has caused many 
concerns for the United States of America by killing many hardwood trees across the nation.  
The beetle is a native to Korea and China.  It arrived in the US around 1996 burrowed into 
wooden shipping pallets.  These pallets were on a cargo ship that arrived at port in New York 
City, NY.  The pallets were then removed from the cargo ship and the beetles migrated from the 
port facilities into the trees in the neighboring areas of Brooklyn, Queens, and Manhattan.  The 
Asian Longhorned Beetle targets hardwood trees, especially maple, horse-chestnut, elm, 
willow, birch, poplar, and ash trees common in the northeastern US (Asian Longhorned Beetle 
Alert, n.d.).   
Life Cycle of Asian Longhorned Beetle 
A typical adult beetle is between 1 – 1 ½ inches long and has white spots on its shiny 
black body and long antennae (Figure 1).   
Figure 1 Adult ALB 
These beetles have a reproduction cycle that harms the trees.  Figure 2 shows the stages 
of the ALB life cycle 
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Figure 2 Life Cycle of ALB 
 The trees are affected the most when the female ALB lays her eggs and the 
larvae burrow into the trunk.  The females lay eggs just under the layer of bark.  These eggs will 
then hatch into larvae and eventually burrow deeper into the tree and then resurface just 
beneath the bark.  The larvae mature and continue to feed on this layer, creating extensive 
tunnels within the trunk of the tree, including a hollowed out space called the pupal chamber. .  
The pupae winter over in the tree and in spring the young adults burrow their way out of the 
tree leaving holes about 3/8ths of an inch in diameter (Figure 4).  These tunnels disrupt the 
cambium layer which is part of the vascular system of the tree and necessary to sustain its 
health.  The extensive tunnels and exit holes also cause structural defects and encourage viral 
and bacterial infections that may weaken or kill the tree. 
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Figure 3 Burrowed holes in trunk of tree from ALB beetles 
Typically, multiple adults will exit the tree over a relatively short period of time and 
leave behind many holes.  The holes are almost always the first indication that an infestation is 
occurring and should be dealt with immediately.  Unfortunately, the beetle has very few natural 
predators and the only known way to eradicate the beetle once present is to remove and 
destroy the infested trees and replant with resistant species.  This tree removal and replanting 
process has placed a significant social, environmental, and economic burden on affected 
communities. 
ALB Infestations in America 
There have been four major ALB infestations in the US since 1996, including outbreaks 
in New York, Illinois, New Jersey, and most recently in Worcester, Massachusetts (Figure 5).  
Each location has taken a slightly different approach to preventing further spread and 
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eradicating the ALB, but identifying the affected trees, establishing a quarantine area, and 
removing and grinding up infested trees is the most common strategy (Asian Longhorned 
Beetle Alert, n.d.).   
 
Figure 4 US Known ALB Infestations 
The infestations have been located in major shipping cities and their surrounding areas 
which suggest the beetles’ method of transportation is in shipping materials, such as wooden 
pallets and crates.  The first location known to have an ALB presence, New York is thought to 
have received them via shipping pallets from China (Asian Longhorned Beetle, n.d.).  There is no 
concrete evidence that shows how or when exactly the beetle arrived in each location.  
Unfortunately, they are not known to be in a location until the trees show the burrowed holes 
left by the beetle during reproduction.  By this point, they have already been present for some 
time and most likely have infested the surrounding area as well. 
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Once the beetles are found in a location, typically the person who noticed the signs of 
an infestation notifies the local government.  They then research what the situation is by 
determining if there is an infestation.  The local government then notifies the state and federal 
governments about the situation.  The state and federal governments then begin a detailed 
investigation and work with local government agencies, community and environmental groups, 
local businesses, and local residents to develop a plan of action.  Most commonly this includes 
the surveying of surrounding trees and then the removal and chipping or burning of the 
infested trees.  Surveying trees in the community is the initial step necessary to determine the 
extent of the infestation and establish quarantine and treatment areas.  The quarantine areas 
are developed by the estimated distance that ALB spreads per year.  They can travel up to 4,600 
ft. within 3 weeks.  A study in Chicago over a 2 year time span (Figure 5) showed that from the 
initial epicenter of 666 affected trees, 99.7% of the beetle population stayed within 1,980 ft. 
(Control Strategy, 2010).   
 
Figure 5 Percentage of Trees with Oviposition Sites within Radius 
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These data were then used to determine an appropriate size quarantine area for all ALB 
infestation locations since the study was conducted.  Typically, the relevant federal, state, and 
local governments will implement a strict policy limiting transport of host materials that may 
contain the beetles to prevent the spread of the infestation beyond the quarantine area.  
Following tree removal, most communities engage in an extensive replanting program through 
the efforts of residents and community groups in coordination with local and state government 
agencies 
In total, over $373 million has been allocated to the ALB eradication efforts up to 2008 
throughout the US (Robert A. Haack, n.d.).  The costs continue to grow, however, since the 
efforts to thwart the spread of the ALB are ongoing.  Chicago is the only one of the four 
affected locations that can claim to have successfully eradicated the ALB entirely.  Every other 
location is continuing efforts to achieve ALB-free status, but unfortunately are having trouble 
due to the size of the infestations compared to the much smaller Illinois infestation.  
New York 
The first location to be infested with the beetle was New York.  After arriving in 
Manhattan via shipping crates in 1996, the beetle spread to Brooklyn, Queens, and Staten 
Island (Asian Longhorned Beetle Alert, n.d.).  The spread of the beetle is shown in the Figure 6.  
As of 2008, more than 18,000 trees have been removed and over 225,000 have been treated 
with a pesticide (Robert A. Haack, n.d.).   
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Figure 6 Quarantine and Treatment map for 2009 with inset maps 
The previous figure shows the designated quarantine and treatment areas over the 
years ranging from 2003 to 2009.  In the figure, the gray shaded areas represent the quarantine 
areas, the density of the infestation from 1996 to 2009 is represented by the yellow (low 
density), orange (medium density), and red (high density) shaded areas.  The red outline within 
the quarantine zone designates the treatment area during each particular year.  The brown 
blue and yellow dots represent infestations during 2009, 2008, and 2007 respectively. The 
change in quarantine and treatment areas are all based on the results from surveying the areas 
which is performed by local, state, and federal agencies.  The local and state agencies 
determine a suitable quarantine area with guidance from federal experts on ALB at APHIS.  
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Once the sign of a beetle is present, the location is added to the quarantine area as well as the 
surrounding area.  The purpose of the quarantine area is to prevent the spread of the beetle by 
enforcing a set of ordinances that usually entails the removal of tree limbs or possible hosts to 
be strictly forbidden.   
 
Figure 7  Acres and Number of Trees Treated Affected by ALB Quarantine in New York per Year 
 
The size of the quarantine zones and treatment areas are shown in Figure 7 which was 
modified from a quarantine zone map provided by APHIS.  The amount of land that has been 
quarantined and treated has totaled around 17,000 acres.  The total number of trees treated 
most recently as of 2006 was around 50,000 and is causing a reduction in infestations.  Those 
50,000 trees all were either injected with an APHIS developed chemical which helps reduce the 
expansion of the ALB population or they were cut down and chipped.  The eradication teams 
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are beginning to increase the utilization of the APHIS chemical as it reduces the number of trees 
required to be removed and creates almost no damage to the tree.  Either method requires a 
large amount of resources provided by local, state and federal agencies.  The agencies must 
first determine which trees to treat and which trees to remove due to infestation.     
 
Figure 8 Number of ALB Infestations in New York per Year 
Over time, the goal is to reduce the size of the treatment areas ultimately to eliminate 
the quarantine once all areas are deemed ALB free.  Figure 8 shows that substantial progress is 
being made and the number of new infestations is falling over time.  The actual treatment 
varies on the plan developed by the federal, state, and local governments.  It may include 
anything that has been shown to remove the beetles such as the removal and chipping or 
burning of the infested trees which is the only guaranteed method, an injection of the APHIS 
chemical to prevent further infestation which is mostly successful, or some other method of 
removing the beetle such as introducing an ALB predator.   
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During 2007, Animal and Plant Health Inspection Service (APHIS) of the USDA developed 
an injection chemical that helps prevent the spread of the ALB.  The decrease in the number of 
infested trees is largely due to this in following years.  The APHIS injection chemical helps 
prevents infestation in trees by creating an undesirable taste for the beetles and causes them 
to not feed on the trees.  It is injected using a small plastic canister that allows for the chemical 
to naturally be absorbed into the tree.  This chemical named Imidacloprid (commercial name: 
Imicide®) is the first treatment that removes the chance of an infestation and therefore 
removing the need to cut down and either chip or burn the tree (Asian Longhorned Beetle 
Alert, n.d.).  It is only successful if the tree is injected before an ALB presence.  Even with the 
chemical, if the tree shows any sign of the ALB inside it, it still has to be removed by chipping or 
burning as the beetles can still lay their larvae even if the tree is injected but the chance of 
survival is significantly lower It is estimated that only 1% of trees become infested with ALB 
once injected with the chemical (Co., n.d.).   This chemical also helps prevent other infestations 
by other species of beetle and is used across the US.   Over 500,000 trees have been treated 
with Imicide and remain ALB free throughout New York and Illinois.  This method is currently 
being used in all locations where ALB has been detected.  Unfortunately, Imicide injections into 
maples cause the maple trees to not be safe for syrup collection.  Preventing the spread of the 
beetle is still possible as maples are in urban areas are generally not used to produce natural 
maple syrup.  (Hammel, 2011).  Another deterrent is the cost of the chemical which is very high 
at about $6 per injection (2011 Price List, 2011).  The number of capsules needed is determined 
by measuring the diameter at breast height (DBH) of the tree about 4.5 feet off the ground 
using a specialized tape measure and dividing that number by 2 (Control Strategy, 2010).  If 
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every tree in the New York quarantine zone were treated during 2006, it would total around 
$287,000 if only one capsule was needed per tree.  In actuality, the cost would be much higher 
since most trees have a DBH of more than 2 inches and would therefore require multiple 
capsules.  Thus, it has been estimated that the cost of Imicide would equal the cost to remove 
the trees and replant new ones over time (citation).  Imicide is classified as a pesticide even 
though it does not kill the beetle, and throughout the US the use of pesticides are generally 
undesirable. Citizens are concerned about how the pesticides affect the ground water or the 
health of any wildlife that may come into contact with the pesticide.  Fortunately, Imicide has 
been tested and has rarely been detected within ground water supplies.  There is no guarantee 
that it won’t affect the wildlife, however the benefits of saving the tree versus removing it are 
often considered to outweigh the possible adverse consequences. 
Chicago 
The next location that was found to have Asian Longhorned Beetles was Chicago Illinois 
in 2002.  Local officials determined that due to the smaller size of the infestation, they would be 
able to cut down and burn all the infested trees.  In comparison to New York, which removed 
more than 18,000 trees, Illinois only removed approximately 1,700 trees from an area of 3,900 
acres (Robert A. Haack, n.d.).  As a precaution they treated an additional 280,000 trees with 
Imicide (see map of treatment area in Figure 7) which is comparable with the number of trees 
treated in New York with a much larger number and area of infestations.  This approach 
appears to have paid off. There have been no additional ALB sightings since 2006 and the 
quarantine area has subsequently been lifted.   
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Figure 9 Chicago Treatment area map 
New Jersey  
As noted above, ALB was detected in New Jersey in 2007.  Since the discovery, over 
22,000 trees have been removed and over 480,000 have been treated (Asian Longhorned 
Beetle, n.d.).  The quarantined area was over 65 km2.  The infestation area for New Jersey is 
shown in the quarantine map in Figure 10.  Figure 10 shows the quarantine area (outlined in 
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yellow and black slotted lines), the host removal areas (outlined in red with white dots), the 
treatment and survey areas (shaded orange), and the survey only areas (shaded purple).  The 
treatment and survey areas in orange are locations where any host will either be treated with 
the Imicide pesticide or removed depending on status of infestation.  The survey only areas in 
purple are outside of the treatment areas but are still within range of possible infestation and 
are precautionary measures the city is taking.  The quarantine area has continued to expand to 
the current state as the beetle is spreading to new tree hosts.  The local government has used 
the injection method similar to New York to prevent the growth of the infestation. 
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Figure 10 New Jersey Quarantine and Treatment map in 2006 
 
 
Worcester  
Massachusetts was unfortunately introduced to the Asian Longhorned Beetle in 2008. 
Since then the beetle has been cause for a massive removal of over 29,000 trees.   Initially 17 
sq. miles were quarantined on August 8, 2008.  Currently over 98 sq. miles are quarantined 
which is a significant jump over a 3 year period.  The initial discovery of ALB in the Worcester 
area was found sometime in August of 2008.  After the initial discovery, about 32,000 trees 
were removed between 2008-2009.  In 2010, 2,200 trees were identified and a removal of 
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3,300 infested and high risk trees occurred.  Currently, only 709 trees have been removed 
during 2011 which is a sign that the infestation is decreasing in size. (Massachusetts Asian 
Longhorned Beetle (ALB) , 2011) 
 
The process of surveying, treating, and removal of infested trees is very similar to the 
process conducted in New York.  Over time however, the location of the ALB infestations has 
spread to neighboring areas and the spread of ALB needs to be contained.  Due to the new 
discoveries in neighboring areas, cooperation among the local, state and federal government 
and agencies is a necessity but also a bigger challenge to overcome.  The following figure 
demonstrates the most recent quarantine zone (outlined in red) in the Worcester area.  The 
removal areas during 2008 and 2009 (shaded dark red), and host removal areas for 2011 
(shaded orange) are the locations where any possible tree host will be removed to avoid further 
spread of the ALB population.  Any trees that are ready for removal (pink dots) are scheduled 
and eventually removed.   
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Figure 11 Worcester, MA ALB Host removal areas and Trees scheduled for removal 
 
 Worcester is surveying all trees within the quarantined area determined by APHIS with 
help from federal, state, and local agencies and plans to remove and chip infested or high risk 
trees which are trees that are possible hosts with a high probability of infestation.  Once the 
trees are surveyed and infested trees are removed, the quarantine area will be adjusted to 
show that the areas that were treated with Imicide or removed are not in the quarantine zone 
if no beetles are in or around the area.  Federal, state, and local agencies already have removed 
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thousands of trees and more are planned to be removed as shown on Figure 12 by the red and 
orange shaded areas along with the pink dots.  Figure 13 illustrates the different elements in 
the USDA plan to survey all nearby areas for infestations, this is known as the ‘progression 
plan’.   
 
Figure 12 2-Stage survey progression plan for 2010-2011 
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The figure shows the two-stage completion goal which is to be done by June 30, 2011.  
The solid red line around the outskirts of the Worcester area is the quarantine zone set by the 
federal government.  The yellow shaded areas are the treatment areas for 2010.  These 
treatments consist of using Imicide as the main preventative measure.  The red and green 
boundaries with yellow dots are the stage 1 and stage 2 surveying areas respectively.  These 
areas have a higher probability to contain an ALB population and if a beetle is found, treatment 
areas will be expanded to the locations of ALB discovery.   
Over time, the beetle has caused the removal of over 40,000 trees in throughout the 
county (Robert A. Haack, n.d.).   Up until this treatment, the only way to remove the beetle was 
to find trees that were infested and remove the entire tree.  Now they can save the trees by 
removing the chance of infestation and as a result the beetles stop invading trees and 
eventually die off due to lack of food and resources.   
Another possible solution that was researched was to introduce another species of 
beetle originating from Japan that feeds on the ALB larvae and would hopefully eradicate the 
ALB species.  The main problem with this possible solution is that the introduction of another 
foreign beetle may have other unanticipated adverse consequences.  For example, once the 
population of ALBs is reduced the introduced beetle may start feeding on other beneficial, 
native beetle species.  .     
Involved Organizations 
Many different agencies and organizations are all working to remove the Asian 
Longhorned Beetle from the Worcester area.  The Massachusetts Department of Conservation 
and Recreation (DCR) is coordinating its efforts closely with those of the City of Worcester 
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Forestry Service (COWFS), with additional support and expert advice from the Animal and Plant 
Health Inspection Service (APHIS) of the federal USDA.  As in other affected communities, 
community groups play an important part and the Worcester Tree Initiative (WTI) has taken a 
leading role in promoting public awareness and organizing residents and volunteers.  Since the 
boundaries of the problem have now expanded beyond the Worcester city limits, other local 
government agencies and community groups have also become involved in the efforts.  Finally, 
professional societies, such as the International Society of Arboriculture (ISA), may also offer 
expert advice.  All of these organizations have their own goals and services and vary somewhat 
from each other. 
 The COWFS is a small organization that initially responded to the ALB infestation.  
They are the local organization who contacted all other involved organizations.  Because they 
are so small they do not have the resources available and require the assistance from DCR, and 
APHIS.  COWFS is in charge of monitoring and maintaining Worcester’s entire city-owned street 
and park trees (Forestry, n.d.).  DCR is the state agency with the greatest responsibilities in the 
overall control effort due to its regulatory mandate and extensive resources.  DCR staff are the 
ones responsible for the removal of the trees working closely with the Worcester Forestry 
Service to remove infested trees.  They are not involved with replanting ALB resistant trees and 
are trying to eliminate the beetle before any more damage can be done.  The federal 
government’s APHIS is the largest of all the organizations and has the resources to help smaller 
communities like Worcester.  They are focused all across the country on many other topics but 
they aid Worcester by providing help surveying and spreading the knowledge of Worcester’s 
infestation and helping Worcester determine the best method to eradicate the ALB (About 
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APHIS, 2007).  All three organizations realize the severity of the situations and are helping 
alleviate the problem by surveying and removing any infested or high risk trees.  
 The Worcester Tree Initiative (WTI) is responsible for educating residents about 
replanting and tree health education.  The WTI is made up of volunteers and was created by 
Lieutenant Governor Tim Murray and U.S. Representative James McGovern in Worcester to 
assist the areas affected by the ALB removal.  WTI is focused mostly on community involvement 
and ownership which is very important in improving the community physically, mentally, and 
socially.  Their goal other than the replanting efforts is to educate the public about the benefits 
of trees and how to properly care for them.  It is known that trees improve people’s morale and 
satisfaction.  They host tree planting events where citizens come and learn how to properly 
plant and care for a tree.  In exchange for participating in workshops and other educational 
activities, the citizens receive free trees that are resistant to ALB so they can replant them on 
their own property (Home, n.d.).  Another benefit is the fact that they use all locally grown 
trees from local nurseries.   
   
  The International Society of Arboriculture is focused on the professional practice of 
Arboriculture and improves the image of trees by informing the public of their benefits very 
similar to WTI (About ISA, n.d.).  The ISA is made up of mostly business owners of the 
landscaping industry.  Anyone can join provided they know a significant amount of information 
about arboriculture.  They range from people from organizations like DCR to electric companies 
that have to work around trees and power lines to people that know a lot about arboriculture 
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and want to help.  They are an organization where people can go for help on removing, 
planting, and caring for trees. 
 Some of the benefits that ISA promotes are very important and should be well 
known amongst the general public.  Due to the rapid deforestation of neighborhoods, people 
are quickly learning how much trees impact a community and replanting efforts are a major 
concern.  Things such as environmental impacts, social impacts, and economic impacts are all 
very important and both the ISA and WTI strive to educate the public about these impacts and 
why everyone should care.  With the ALB affecting so many people via the deforestations, 
organizations like COWFS, DCR, APHIS, WTI and ISA among others are all documenting and 
evaluating the methods used to eradicate the beetle and protect the natural forests.    
Urban Tree Benefits  
Identifying the host trees and removing them to help prevent further spread of the ALB 
infestations is only the beginning of the larger problem.  Once the trees are removed, there is a 
significant void.  Communities affected by a large number of hardwood host tree removals are 
now realizing just how extensively the urban trees benefited them.  Some citizens have their 
own concerns such as property values, aesthetics, and environmental impacts.  Due to the 
recent realizations of the impacts, some economists are creating a dollar amount for each type 
of tree and how much they benefit the community (Manu Bhalla, 2010).  The dollar amounts 
have helped communities realize how much trees have affected them and what they are being 
deprived of through a lack of urban forests. 
People notice the environmental impacts the most as they are physically reminded of 
them every day.  Some benefits include lowering of the air temperatures around trees as they 
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provide shade but also absorb a large amount of the sun’s energy.  Another benefit that was 
learned in most elementary schools was the fact that trees absorb pollution in the air and 
provides oxygen for animals to breath and function.  Many people do not realize that urban 
trees reduce storm water runoff and create a better drainage system for storm water to drain 
through the ground (Benefits of Trees, n.d.).  This enhance process of in-situ infiltration actually 
filters the water and improves its quality.  Another important benefit is that trees provide many 
habitats for wildlife (Benefits of Trees, n.d.). 
Socially, trees and plants improve public health and well-being.  Trees reduce urban 
pollution and provide protection from harmful UV radiation.  A growing body of research shows 
that trees tend to reduce stress in today’s fast-paced, urban environments, especially by 
reducing noise pollution (Benefits of Urban Trees, n.d.).   
Trees naturally occur on the earth’s surface and they cost money to remove for 
construction and other similar tasks.  Once the trees are removed, replanting of trees requires a 
large amount of resources to restore them to a full adult tree.  Trees are also a natural CO2 
scrubber and reduce the need to build manmade CO2 scrubbers (Benefits of Trees in Urban 
Areas, n.d.).  It has also been proven that if an adult tree is placed within 10-20 feet of a home 
(Benefits of Trees in Urban Areas, n.d.), it can reduce the summer cooling costs significantly.  
Trees also increase the real estate values of properties and make the properties look much 
better if they are well taken care of (Benefits of Trees, n.d.). 
With all these benefits, a cost assessment can be made on how much savings the trees 
are producing per year and even per species.  The amount of money saved is around $628,000 
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which is a significant amount of money (Manu Bhalla, 2010).  
 
Figure 13 Total Annual Benefits of All Trees by Species in Burncoat and Greendale Neighborhoods 
 
With the loss of the trees due to the eradication efforts, the neighborhoods of 
Greendale and Burncoat are losing a significant amount of resources.  This is one of the main 
reasons that the citizens located in those neighborhoods are putting a large amount of effort to 
restore the neighborhoods to their original state before the ALB affected them.  In order to help 
the citizens, guides to help direct them in planting and caring for the planted trees must be 
made.  These guides will be the foundation for a successful Urban Forest in the years to follow 
and will be used to maintain these urban forests.  
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Methodology  
The goal of this project was to assist the Worcester Tree Initiative by developing 
educational materials for their volunteers.  The project had two objectives: (1)  to develop an 
urban tree health manual to ease the assessment of tree health and the detection of pests, 
more specifically the Asian Longhorned Beetle; and (2) to develop a tree planting manual for 
urban environments explaining appropriate methods for planting and replacement of trees.  
Each objective will be met by developing a manual for each based on the best available 
information with the intent to be an aid for non-professional audiences that assist WTI in its 
tree assessment and replanting programs.   
The project involved five separate tasks: 
 Task 1: I reviewed relevant academic and trade materials on tree health assessment and 
planting methods; 
 Task 2: I conducted interviews with relevant experts and experienced arboriculturists; ; 
 Task 3: Developed draft manuals based on the findings from the materials reviewed and 
interviews conducted; 
 Task 4: Field tested the manuals; and  
 Task 5: Revised the manuals based on the lessons learned from the field tests. 
Task 1: Interviews with Experienced Personnel in the Arboriculture Industry  
In order to supplement what was learned from the literature review, a series of 
interviews with experts on the Worcester tree removal and replanting program were 
conducted. The quality of the project was improved with the information extracted from the 
interviews conducted with the experienced personnel.   
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In order to acquire information on urban tree health along with proper planting 
techniques for the second objective of this report, interviews with professionals in the field was 
required.  Interviewees included Peggy Middaugh of WTI, Alan Snow and Eric Seaborn of the 
Massachusetts DCR.  These three individuals are experienced and are a valuable resource on 
trees and their health, especially with regard to urban environments.  The three interviews 
were conducted electronically via email.  A questionnaire (see Appendix A) with open ended 
responses was sent to them consisting of questions based around two topics: (1) dealing with 
the health of urban trees and (2) questions regarding tree planting.  The questionnaire included 
6 brief open ended questions that would help with the developing of the manual.  The first 
section of questions about tree health are based around acquiring information on current 
tactics used to determine tree health and how the organizations perform such tasks with 
untrained volunteers.  These two questions can help with creating a more efficient way to 
measure tree health while also providing information on what needs to be improved with the 
training program for the tree health assessors.  Other important questions asked were what is 
considered a healthy tree and what parts of a tree should be used to determine the state of 
health?  This is important as it helped determine the proper criteria to use to determine a 
healthy tree.  A final question for the first section about what volunteers have difficulties with 
in assessing the health of trees helped determine what needed to be improved or added.  For 
the second section on tree planting, the first question asked was about any current information 
that is available in regards to urban tree planting.  This would help with determining the current 
process and how to improve it.  The next question asked dealt with the key problems with 
volunteers and having them plant urban trees.   Lastly, any guidelines and key points were 
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inquired about and would help develop the initial draft manual on tree planting.  With the data 
provided from the questionnaire, I was able to determine the proper aspects and what should 
be in a guide to aid volunteers to help plant and care for trees.   
Task 2: Review Relevant Materials 
 A review of the relevant materials was conducted to identify the current state of 
practice and science in tree health assessment and planting.  Building on the interviews, the 
review of the literature confirmed that there are several key indicators of tree health and a 
consistent body of knowledge regarding the most appropriate methods for tree planting in 
urban environments.   
Task 3: Develop Draft Manuals  
 Utilizing the information gleaned from the interviews and the review of the pertinent 
literature (including other manuals, government documents, and materials developed by 
various arborist organization) the manuals were then developed on each topic.  The assessment 
of urban tree health is done by looking at five major aspects.  These aspects which are mostly 
environmental are documented and explained in the manual.  These manuals are designed to 
be non-technical and easy to use for a non-experienced audience.  This is done by having 
images of what to look for both good and bad, with descriptions of why they are important and 
how it affects the trees to help volunteers in the field.   
 The tree planting manual was designed as a step-by-step guide for volunteers with little 
knowledge of planting techniques, since Peggy Middaugh and others indicated that this was a 
critical need for the tree planting program in Worcester.  The guide was designed to be clear 
and easy to use by those with little or no tree planting experience or knowledge, and thus 
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includes numerous pictures and with short, simple instructions indicating how best to plant 
trees in an urban environment.   
Task 4: Field Test the Manual 
 Once the draft health assessment manual was developed, the health assessment 
manual was tested in the field by 10 volunteers who each used the manual to evaluate 5 
different trees.  Due to the nature of the tree planting manual, testing of the manual was not 
able to be completed.  For the health assessment manual, the volunteers were asked to 
evaluate the manual, focusing on the clarity of advice, whether the figures helped or could be 
improved, whether the worksheets were useful, and whether the level of detail was sufficient 
to perform the tasks. These comments were then reviewed and used to alter the manual to 
produce a very simple to use and follow manual for both assessing urban tree health and how 
to plant a tree. 
Task 5:  Produced Final Manual 
 The final task was to produce field-ready manuals which reflect best practices in tree 
health assessment and planting methods and yet are easily understood by volunteers with 
limited expertise in these areas.  .  A revision of the manuals to correct mistakes, improve 
legibility, and usability led to the final versions of the manuals which are presented in Appendix 
X and Y.   These manuals are an attempt to help ease and direct volunteers on how to 
determine a healthy tree while also planting the trees properly without any prior experience.  
These manuals are made to remove the chance of poor tree health and planting.  With these 
manuals, the objective of the WTI for educating the public and helping promote Worcester’s 
Urban Forests can be met with fewer struggles. 
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Findings 
 I determined the information required to assess a tree’s health as well as how to 
properly plant a tree and created the manuals.  The manuals are very simple and easy to follow 
step-by-step directions which remove almost all error in assessing urban tree health and proper 
planting techniques.  The manuals will help any organization that is working with non-
experienced volunteers.  It will help any urban tree environment by aiding in detecting an 
unhealthy tree so proper care and maintenance can be done to help save the tree.   
The effectiveness of the manuals 
After completing the research and evaluating the data collected during the research, the 
manuals were eventually formed.  The two main subjects being described is an Urban Tree 
health manual and the second being a Tree planting manual that is easily available and 
understandable among the general public.   
Within the Urban Tree Health Manual, 5 main categories are used to determine a healthy 
tree.  In general, if they are all within an acceptable range, they will together form a healthy 
tree.  If one of the categories is suffering, and it is not quickly repaired, the tree’s health will 
diminish and over a short time depending on the severity of the damage, kill the tree.  The five 
categories are the Health of limbs, the growth of the Diameter at Breast Height (DBH) a healthy 
root system, proper sunlight Exposure, and the non-presence of insects.   
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Health of Tree Limbs 
The first category listed is the health of limbs.  The main criterion that is being observed is 
whether or not the limb or limbs are alive or dying.  A live limb, pictured below allows for 
nutrient absorption and allows for the tree to grow. 
 
Figure 14 Live Tree Limbs 
Dead tree limbs are very dangerous and can easily break causing damage to not only the 
tree but anything it can come in contact with.  The difference in flexibility is significant between 
a living limb and a dead limb.   Dead limbs as pictured are normally caused by either the lack of 
nutrients or a physical obstruction or restriction around the limb.  People are urged to remove 
these dead limbs as soon as possible as they cause damage every year to property.  They easily 
break and snap off onto roofs of homes or cars and cause thousands of dollars in damages.   
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Figure 15 Dead Tree Limbs 
Diameter at Breast Height (DBH) 
The next category to determine a healthy tree is the growth of the DBH.  If there is growth 
year to year, that means the tree is healthy.  The first decade of a trees life is very important 
and should show the most growth as it is laying the foundation of the root systems and the 
location of the limbs.  The typical range for the year to year growth of the DBH is between .25 
inches to just over .6 inches.  There are 4 methods to measure the DBH: (1) by using calipers, 
(2)a Biltmore stick, (3) calibrated diameter tape, and (4) a simple piece of measured string and 
divide the measurement by 3.14 (Pi).  The calibrated diameter tape is by far the most accurate 
as they give the average of all possible measures, whereas the Biltmore stick is the least 
accurate due to the large amount of error, but it is very fast and easy to use. 
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Figure 16 Scientist Recording DBH with Calibrated Diameter Tape 
Health of the Root System 
 The health of the root system is very important to a trees health.  It is primarily the 
anchor in the ground that supports the tree during any wind and movement.  The root system 
absorbs most of the water for the tree’s growth that is transported via a capillary like method 
to the furthest points on the tree from the ground.  The main concerns for the root system is to 
check whether or not the roots rise above the ground as that is a sign of a weak root system.  
That occurs mostly when there is no place for the roots to grow in the ground due to obstacles 
like pipes, sidewalks, large rocks, and poor planting procedures in the initial planting of the 
tree.  A great root system is very spread out equally around the base of the tree. 
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Figure 17 Proper Root Depth of a Tree 
The root system usually remains within a few feet of the surface as it needs to be able to 
absorb the rain water through the soil.  Another benefit of the roots being in the soil is that the 
soil acts as a filter for the water and removes some of the pollutants that could be absorbed by 
the tree if the roots had direct contact above ground to the rain water. 
 
Figure 18 Improper Roots Surfacing 
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The exposed roots also present a large tripping hazard which is dangerous for everyone.  
The roots are vital to the life of the tree and if they are not properly taken cared for, the tree 
will not grow and possibly die due to lack of hydration especially in the summer months.   
Sunlight Exposure 
Most trees require a large amount of sunlight to produce the energy they need to grow and 
remain healthy.  Sunlight, which is required for the photosynthesis process, is vital to a healthy 
tree.  Inadequate sunlight exposure may lead to stunted growth, and possibly dead limbs 
eventually leading to the death of the tree.  Any obstacles that block the sunlight from reaching 
the tree should be evaluated and if they do not allow for proper exposure, the tree should be 
transplanted if possible.  An example of a properly and poorly exposed tree is shown below. 
 
Figure 19 Proper Sunlight Exposure with no Obstacles 
The image above shows a tree properly exposed to sunlight as there are no obstacles 
surrounding the tree.  This allows the tree to absorb as much of the sun’s radiation as it needs 
to sustain growth. 
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Figure 20 Improperly Shaded Location with Minimal Drainage 
Here is an example of a tree with poor sunlight as the sun’s radiation is blocked on both 
sides of the alley.  Other factors could contribute the poor health of the tree in the photo such 
as a poor root system, damage from human interaction, and possibly poor hydration based on 
the location and water drainage.   
Absence of Insects 
While many insects are beneficial to trees, many others, such as  termites, carpenter 
ants, and wood-boring beetles like the Asian Longhorned Beetle, are not.  The insects 
themselves are not very dangerous, however the tunnels they carve within the tree cause 
structural failures and reduces the amount of nutrients that are able to be transported 
throughout the tree due to destruction of the transport systems.  These tunnels can also allow 
for a bacteria or virus to invade the tree and affect the tree’s health.  Insects like the Asian 
Longhorned Beetle are very deadly to trees as they spread fairly rapidly and bore tunnels during 
their reproduction cycles.  They typically cause the tree to be removed or treated as what was 
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discussed during the literature review.  Any presence of insect activity should be reported to 
the local forestry department so that proper steps can be taken to either save the tree or 
prevent the spread of the insect.   
 
Figure 21 Insect Damage due to Carpenter Ants 
This image shows the tunnels created by carpenter ants which eventually cause the tree 
to fall to the ground.  This is very dangerous especially if near any population as the tree may 
fall at any time without any notice.   
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Figure 22 Insect Damage due to Asian Longhorned Beetle 
Asian Longhorned Beetles may damage trees more slowing than do carpenter ants, but 
they are just as deadly to a tree in the long term.   Furthermore, because the ALB damage is less 
easily noticed, infestations may easily gain a foothold and affect large areas.  The image shows 
both the oviposition site where the adult beetle laid the larvae in the bark, and the adult exit 
hole where larvae grew to a full adult beetle and burrowed its way out.  Any insect presence 
should raise concern for the population around the tree as they could be at risk with their life 
and should notify the local forestry agency. 
 
Based on this information, I developed a field manual for volunteers (see Appendix B).  
The field manual was designed so that volunteers could take it outside and easily observe the 
five aspects listed as the basis for a healthy tree.  For ease of use by inexperienced volunteers, 
the criteria are presented in checklist format.   
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Tree planting 
Tree planting is a skill and certain steps need to be followed carefully to promote proper 
growth.  Planting a tree is not as simple as digging a hole in the ground and placing the base of 
the tree in the hole and then back filling the hole with dirt.  It is a much more complicated 
process that is simplified in this section and well demonstrated via images of appropriate and 
poor procedures.   
There are seven steps to properly planting a tree or any shrub.  These seven steps are as 
follows: (1) Dig a proper size hole and ensure the depth of hole is correct, (2) place tree in the 
hole and check alignment of tree, (3) partially backfill the hole, (4) remove the root cover, (5) 
complete backfilling the hole, (6) stake the tree, and (7) mulch the base of the tree.  If all these 
steps are followed, the tree will be able to thrive; given the location of the tree planting is well 
placed.   
Hole 
In order for the tree to survive the planting, a large enough hole must be dug in order to 
house the roots and allow for growth and expansion.  The depth of the hole should be the same 
as the original depth the tree was planted in if the tree is from a nursery.  The width of the hole 
should be about 3 times the size of the root ball or container the roots of the tree were in.  This 
allows for the roots to easily spread during the initial months of the trees life in the new 
location.  Two tricks that will improve the success rate of the tree transplant is (1) to raise the 
center of the hole so that water does not drain into the center of the hole but rather it 
disperses around the edges of the hole as shown in the figure, (2) do not create smooth sides as 
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it creates a barrier for the water so instead create ridges in the walls to allow for water to pass 
through more easily.   
 
Figure 23 Proper Hole Shape for Tree Planting 
Alignment 
Once the tree is in the hole, the alignment of the tree must be done to ensure a 
properly growing tree.   This is easier with two people as one can adjust while the other 
observes the alignment.  This is very important so that the tree does not grow at an angle which 
could cause the tree to uproot itself from the natural weight of the tree and cause it to damage 
anything it falls on.  An improperly planted tree is shown below. 
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Figure 24 Improperly Staked Tree Leaning to One Side 
This tree shown could easily fall if a weather storm passed through the area as it is not 
very stable in the ground.   
 
Partially Back Fill Hole 
Partially fill the hole 1/3 with soil and firmly pack it down.  This is to ensure a stable 
ground and assist in the alignment when the tree is standing on its own.  This stops the tree 
from settling further into the hole which could cause issues with the height of the tree. 
Remove the Root Ball Covering 
If the roots were wrapped in burlap or another root ball cover, now is the time to 
remove it and let it settle underneath the root ball.  This is done to allow the roots to grow 
outward and also further ad support underneath the root ball so it does not settle.  The image 
shows all the steps and descriptions of the proper planting technique and it shows the location 
of the root ball cover. 
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Figure 25 Image of Planted Tree with Minor Instructions 
 
Complete Backfilling 
Once the root ball is uncovered and allowed for growth, the hole can then be fully 
backfilled so that the dirt is firmly packed and to help with that, settling the dirt every few 
inches with water can help significantly.  This is done to allow the tree to stand upright under its 
own power.  
Staking the tree 
If the tree is still unstable, it can be staked to assist the tree in growing upwards and not 
at an angle.  One key point in staking is to use a wide round material such as a 6 inch piece of an 
old garden hose around the rope or string. This is to prevent the string from cutting into the 
tree and avoid the tree from growing around the string. 
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Figure 26 Improperly Staked Tree with Thin Wire 
It is best to use two opposing stakes with a flexible tie around the tree to ensure a properly 
aligned growth. 
 
Figure 27 Properly Staked Tree 
Once the tree has developed a solid root system, normally after a year or so, the stakes can 
then be removed. 
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Mulching 
Mulching is one of the most important steps as it provides proper drainage from rain water, 
and can prevent damage from lawn care incidents, for example weed whacking and/or lawn 
mowing.  It is important to have about a 2-4 inch layer of mulch around the tree trunk and to 
also make sure that the mulch is about 2 inches away from the trunk.  This is to prevent the 
trunk from decaying.  This layer of mulch provides a sufficient amount of water drainage and 
oxygen to be absorbed by the tree’s roots.   
I developed a planting guide or manual for volunteers based on these seven steps (see 
Appendix C).  For ease use in the field by inexperienced volunteers the information is presented 
in a bulleted list format with easily understood visual aids for most of the steps.  Volunteers 
with no previous tree planting experience can easily use the simple step-by-step procedure 
with minimal effort and time.   
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Conclusion 
 Citizens affected by tree removals are seeing the after effects of an infestation like the 
ALB infestation in areas, including Worcester.  To help prevent large infestations such as this 
and others, precautionary measures can be made.  If the health of the trees were assessed 
early on, the beetle could have been contained and saved the many organizations involved the 
large expense and labor required to remove the ALB infestation.  The communities are learning 
how important the trees were in the neighborhoods.  Due to this realization, communities are 
coming forward and volunteering to help replant trees and assess tree health to prevent future 
devastation from events similar to this.  With these volunteers, a systematic approach helped 
ease the education of the proper assessment of urban tree health as well as how to properly 
plant a tree.  This is completed with the creation and use of the two manuals each focusing on 
urban tree health assessment and proper tree planting instructions.  
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Appendices 
Appendix A 
Questionnaire for Arboriculturists 
 How does WTI go about evaluating the health of trees?  
 What guidance or training is available for employees and volunteers for such 
assessments, if any?  
 What features need to be evaluated to determine tree health:  
o Appearance of leaves and limbs  
o Appearance of bark  
o DBH  
o Root structure  
o Etc. 
 What do volunteers find most difficult about evaluating tree health?  
 Is there any readily available guidance on replanting trees in urban environments?  
 What are some of the key problems with the ways trees are often planted:  
 What are some of the key features/guidelines to follow regarding proper tree planting? 
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Appendix B 
Urban Tree Health Manual 
Five Categories 
1) Health of Tree Limbs 
2) Diameter At Breast Height(DBH) 
3) Health of Root Systems 
4) Sunlight Exposure 
5) Non-Presence of Insects  
 
 
Health of Tree Limbs 
The first category listed is the Health of limbs.  The main criterion that is being observed is 
whether or not the limb or limbs are alive or dying.  A live limb, pictured below allows for 
nutrient absorption and allows for the tree to grow. 
 
Figure 28 Live Tree Limbs 
Dead tree limbs are very dangerous and can easily break causing damage to not only the 
tree but anything it can come in contact with.  The difference in flexibility is significant between 
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a living limb and a dead limb.   Dead limbs as pictured are normally caused by either the lack of 
nutrients or a physical obstruction or restriction around the limb.  People are urged to remove 
these dead limbs as soon as possible as they cause damage every year to property.  They easily 
break and snap off onto roofs of homes or cars and cause thousands of dollars in damages.   
 
Figure 29 Dead Tree Limbs 
Diameter at Breast Height (DBH) 
The next category to determine a healthy tree is the growth of the DBH.  If there is growth 
year to year, that means the tree is healthy.  The first decade of a trees life is very important 
and should show the most growth as it is laying the foundation of the root systems and the 
location of the limbs.  The typical range for the year to year growth of the DBH is between .25 
inches to just over .6 inches.  There are 4 methods to measure the DBH: (1) by using calipers, 
(2)a Biltmore stick, (3) calibrated diameter tape, and (4) a simple piece of measured string and 
divide the measurement by 3.14 (Pi).  The calibrated diameter tape is by far the most accurate 
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as they give the average of all possible measures, whereas the Biltmore stick is the least 
accurate due to the large amount of error, but it is very fast and easy to use. 
 
Figure 30 Scientist Recording DBH with Calibrated Diameter Tape 
Health of the Root System 
 The health of the root system is very important to a trees health.  It is primarily the 
anchor in the ground that supports the tree during any wind and movement.  The root system 
absorbs most of the water for the tree’s growth that is transported via a capillary like method 
to the furthest points on the tree from the ground.  The main concerns for the root system is to 
check whether or not the roots rise above the ground as that is a sign of a weak root system.  
That occurs mostly when there is no place for the roots to grow in the ground due to obstacles 
like pipes, sidewalks, large rocks, and poor planting procedures in the initial planting of the 
tree.  A great root system is very spread out equally around the base of the tree. 
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Figure 31 Proper Root Depth of a Tree 
The root system usually remains within a few feet of the surface as it needs to be able to 
absorb the rain water through the soil.  Another benefit of the roots being in the soil is that the 
soil acts as a filter for the water and removes some of the pollutants that could be absorbed by 
the tree if the roots had direct contact above ground to the rain water. 
 
Figure 32 Improper Roots Surfacing 
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The exposed roots also present a large tripping hazard which is dangerous for everyone.  
The roots are vital to the life of the tree and if they are not properly taken cared for, the tree 
will not grow and possibly die due to lack of hydration especially in the summer months.   
Sunlight Exposure 
Most trees require a large amount of sunlight to produce the energy they need to grow 
and remain healthy.  Sunlight, which is required for the photosynthesis process, is vital to a 
healthy tree.  Inadequate sunlight exposure may lead to stunted growth, and possibly dead 
limbs eventually leading to the death of the tree.  Any obstacles that block the sunlight from 
reaching the tree should be evaluated and if they do not allow for proper exposure, the tree 
should be transplanted if possible.  An example of a properly and poorly exposed tree is shown 
below. 
 
Figure 33 Proper Sunlight Exposure with no Obstacles 
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The image above shows a tree properly exposed to sunlight as there are no obstacles 
surrounding the tree.  This allows the tree to absorb as much of the sun’s radiation as it needs 
to sustain growth. 
 
Figure 34 Improperly Shaded Location with Minimal Drainage 
Here is an example of a tree with poor sunlight as the sun’s radiation is blocked on both 
sides of the alley.  Other factors could contribute the poor health of the tree in the photo such 
as a poor root system, damage from human interaction, and possibly poor hydration based on 
the location and water drainage.   
Absence of Insects 
Any presence of insects within a tree is typically bad for the tree.  Examples of this are 
termites, ants, and wood-boring beetles such as the Asian Longhorned Beetle.  The insects 
themselves are not very dangerous, however the tunnels they carve within the tree cause 
structural failures and reduces the amount of nutrients that are able to be transported 
throughout the tree due to destruction of the transport systems.  Insects like the Asian 
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Longhorned Beetle are very deadly to trees as they spread fairly rapidly and bore tunnels during 
their reproduction cycles.  They typically cause the tree to be removed or treated as what was 
discussed during the literature review.  Any presence of insect activity should be reported to 
the local forestry department so that proper steps can be taken to either save the tree or 
prevent the spread of the insect.   
 
Figure 35 Insect Damage due to Carpenter Ants 
This image shows the tunnels created by carpenter ants which eventually cause the tree 
to fall to the ground.  This is very dangerous especially if near any population as the tree may 
fall at any time without any notice.   
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Figure 36 Insect Damage due to Asian Longhorned Beetle 
ALB works  slower than carpenter ants, however, they are just as deadly to a tree and 
could be seen as being worse as they are not as visible as carpenter ants in doing their 
destruction and spread to a larger area because of the lack of notification of their presence.  
The image shows both the oviposition site where the adult beetle laid the larvae in the bark, 
and the adult exit hole where larvae grew to a full adult beetle and burrowed its way out.  Any 
insect presence should raise concern for the population around the tree as they could be at risk 
with their life and should notify the local forestry agency. 
 
With these 5 categories explained both visually and written, the information needed to 
be input into a field manual that they could take outside and easily observe the 5 aspects listed 
as the basis for a healthy tree.  The easiest way to present the information will be in a checklist 
format separated by each aspect.  The target audience being volunteers with no previous 
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experience could easily use a simple form that they could quickly complete and still obtain a 
defined health report.    
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Appendix C 
Tree planting 
Tree planting is a skill and in order to have a successful tree grow, certain steps are 
needed to be taken to allow for proper growth.  Planting a tree is not as simple as digging a 
hole in the ground and placing the base of the tree in the hole and then back filling the hole 
with dirt.  It is a much more complicated process that is simplified in this section and well 
demonstrated via images of proper and poor procedures.   
There are 7 steps to properly planting a tree or any shrub.  These 7 steps are as follows: 
(1) Dig a proper size hole and ensure the depth of hole is correct, (2) place tree in the hole and 
check alignment of tree, (3) partially backfill the hole, (4) remove the root cover, (5) complete 
backfilling the hole, (6) stake the tree, and (7) mulch the base of the tree.  If all these steps are 
followed, the tree will be able to thrive; given the location of the tree planting is well placed.   
Hole 
In order for the tree to survive the planting, a large enough hole must be dug in order to 
house the roots and allow for growth and expansion.  The depth of the hole should be the same 
as the original depth the tree was planted in if the tree is from a nursery.  The width of the hole 
should be about 3 times the size of the root ball or container the roots of the tree were in.  This 
allows for the roots to easily spread during the initial months of the trees life in the new 
location.  Two tricks that will improve the success rate of the tree transplant is (1) to raise the 
center of the hole so that water does not drain into the center of the hole but rather it 
disperses around the edges of the hole as shown in the figure, (2) do not create smooth sides as 
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it creates a barrier for the water so instead create ridges in the walls to allow for water to pass 
through easier.   
 
Figure 37 Proper Hole Shape for Tree Planting 
Alignment 
Once the tree is in the hole, the alignment of the tree must be done to ensure a 
properly growing tree.   This is easier with two people as one can adjust while the other 
observes the alignment.  This is very important so that the tree does not grow at an angle which 
could cause the tree to uproot itself from the natural weight of the tree and cause it to damage 
anything it falls on.  An improperly planted tree is shown below. 
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Figure 38 Improperly Staked Tree Leaning to One Side 
This tree shown could easily fall if a weather storm passed through the area as it is not 
very stable in the ground.   
 
Partially Back Fill Hole 
Partially fill the hole 1/3 with soil and firmly pack it down.  This is to ensure a stable 
ground and assist in the alignment when the tree is standing on its own.  This stops the tree 
from settling further into the hole which could cause issues with the height of the tree. 
Remove the Root Ball Covering 
If the roots were wrapped in burlap or another root ball cover, now is the time to 
remove it and let it settle underneath the root ball.  This is done to allow the roots to grow 
outward and also further ad support underneath the root ball so it does not settle.  The image 
shows all the steps and descriptions of the proper planting technique and it shows the location 
of the root ball cover. 
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Figure 39 Image of Planted Tree with Minor Instructions 
 
Complete Backfilling 
Once the root ball is uncovered and allowed for growth, the hole can then be fully 
backfilled so that the dirt is firmly packed and to help with that, settling the dirt every few 
inches with water can help significantly.  This is done to allow the tree to stand upright under its 
own power.  
Staking the tree 
If the tree is still unstable, it can be staked to assist the tree in growing upwards and not 
at an angle.  One key point in staking is to use a wide round material such as a 6 inch piece of an 
old garden hose around the rope or string. This is to prevent the string from cutting into the 
tree and avoid the tree from growing around the string. 
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Figure 40 Improperly Staked Tree with Thin Wire 
It is best to use two opposing stakes with a flexible tie around the tree to ensure a 
properly aligned growth. 
 
Figure 41 Properly Staked Tree 
Once the tree has developed a solid root system, normally after a year or so, the stakes 
can then be removed. 
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Mulching 
Mulching is one of the most important steps as it provides proper drainage from rain 
water, and can prevent damage from lawn care incidents, for example weed whacking and/or 
lawn mowing.  It is important to have about a 2-4 inch layer of mulch around the tree trunk and 
to also make sure that the mulch is about 2 inches away from the trunk.  This is to prevent the 
trunk from decaying.  This layer of mulch provides a sufficient amount of water drainage and 
oxygen to be absorbed by the tree’s roots.   
Similar to the Tree Health Manual, with these 7 categories explained both visually and 
written, the information needed to be input into a field manual that they could take outside 
and easily observe and perform the 7 aspects listed as the basis for a properly planted tree.  
The easiest way to present the information will be in a bulleted list format separated by each 
aspect described with visual aids for most of the steps.  The target audience being volunteers 
with no previous experience could easily use a simple step-by-step procedure that they could 
easily follow and still plant a tree with minimal effort and time.   
  
  
64 
 
Appendix D 
Urban Tree Health Field Observation Worksheet 
Observer (Full Name): ________________________________________ Date: __/__/_____ 
Tree Location Street Address: _____________________________________________________________________ 
Location on property: ___________________________________________________________________________ 
_____________________________________________________________________________________________ 
Other notes: ___________________________________________________________________________________ 
_____________________________________________________________________________________________ 
Tree Health 
Healthy Tree Limbs… (Any dead areas?) Yes/No 
What is the Diameter at Breast Height? _________________ 
Healthy Root System?  (I.e. no visible roots above ground, no obvious obstructions like sidewalks) Yes/No 
Sunlight Exposure? (I.e. no obstructions such as the side of a home) Yes/No 
Presence of Insect activity? Yes/No 
Other notes: ___________________________________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
